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ABSTRACT
Decades of fire suppression have contributed to the loss of historical ecosystems
and to the decline of wildlife populations throughout the Southern Appalachian region.
Recognizing the importance of fire in enhancing habitat and wildlife diversity, forest
managers in recent years have begun implementing fire as a management tool to recover
traditional disturbance regimes. Most of these burns take place during the dormant
season, but some research has indicated dormant season burns are not effective in
restoring ecosystem heterogeneity, and there has been a push to expand the use of fire
into the growing season. However, much is still unknown about the practical applications
of growing season burns and their effect on habitat and diversity. In this study, we
compared the effects of dormant season and early growing season burns on forest
structure and bird populations in the Southern Appalachians. Our results indicate that
early growing season burns are most effective in reducing canopy cover and creating
early and mid-successional open habitat, and that this enhanced heterogeneity positively
influences bird populations. Total bird abundance and species richness were highest in
early growing season burns, highlighting the effectiveness of this burn treatment in
promoting a diversity of habitat niches that are important for wildlife in this region.
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CHAPTER ONE
FIRE SEASONALITY: HOW DOES FOREST HETEROGENEITY AND LAND
COVER DIVERSITY CHANGE BY SEASON OF BURN?
1.0 ABSTRACT
Fire seasonality is important for forest managers to consider when restoring
historical disturbance regimes and recovering native ecosystem structure and
composition, but it is less understood and less frequently studied than other aspects of fire
ecology. In the Southern Appalachians, historical fires likely occurred most often in late
spring and early summer when fuels were dry and canopy conditions were conducive to
fire, however most prescribed fires today occur during the winter. Because fire behavior
can vary seasonally, it is important for forest managers to understand the practical
applications of fire season in order to burn in a way that meets management objectives.
Therefore, we investigated the effect of fire seasonality on forest structure and land cover
diversity in the Southern Appalachians. Using a complete randomized block design, we
analyzed leaf-on canopy cover imagery with ArcGIS Pro to compare canopy cover and
forest structure between growing and dormant season burns. Our results indicate that
growing season burns are most effective in reducing canopy cover, improving land cover
diversity, and creating early and mid-successional habitat. We found an average of 8.84%
(SE=±1.46) reduction in canopy cover in growing season treatment units from pre-burn
(2017) to post-burn (2019) compared to 5.21% (SE=±1.51) in dormant season burn
treatment units and 0.01% (SE=±0.009) in unburned controls. Canopy cover reductions
corresponded with a total of 8.26 ha of early and mid-successional habitat following the
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burn in growing season treatment units compared to 7.42 ha and 0.01 ha in dormant
season and unburned control treatment units respectively.
1.1 INTRODUCTION
1.1.1. BACKGROUND INFORMATION
The structure and composition of much of the forested southeastern United States
was shaped and defined by varying degrees of fire. Prior to human settlement in the
region, lightning-caused fires occurred sporadically during the spring and summer
months when conditions were conducive to ignition via lightning strikes (Ryan et. al
2013). After indigenous people migrated to the Southeast ~10,000 years ago they began
the practice of setting intentional fires to promote open forest conditions that would
benefit grazing animals such as bison, elk, and deer (Van Lear and Waldrop 1989). In
some places, native people even increased the fire frequency, and this resulted in a
heterogenous landscape that was host to a wide variety of habitat types, ranging from
pine to mixed oak and pine, to mixed oak hardwood stands (Lafon et. al 2017). Some
habitat types burned more frequently than others, depending on physiographic region,
topography, and species composition, but areas with high levels of fire tolerant oaks and
pines likely burned frequently while other regions with fewer fire tolerant species burned
infrequently or not at all (Lafon et. al 2017).
Variability in fire frequencies that occurred throughout the region maintained
ecosystems in the Southeast that were structurally and functionally diverse, meaning they
varied greatly in both species composition, stand age, and densities of the overstory,
midstory, and understory vegetation layers. Because there was often high variability of
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fuel loads within habitats due to topography, elevation, and dominant species type, fires
burned inconsistently and created patchiness, with small refuges for species that did not
like or could not survive fire, alongside habitat suitable for fire-tolerant species (Ryan et.
al 2013). While the exact historical fire frequency of this region is unknown, fire scar
history has indicated that pine dominant habitats had frequent, low severity fires at an
average interval of 4-8 years, while mixed pine/oak stands had a slightly longer fire
return interval of 6-13 years, with high severity fires occurring throughout the region at
an average interval of 75 years (Flatley et. al 2013). Along the southern Blue Ridge
escarpment of the Southern Appalachians, ecosystems were mainly oak/pine dominated
forests with several species that had adapted to this frequent fire regime and were able to
either survive fire, like the Table Mountain Pine (Pinus pungens L.), or quickly reestablish after fire had occurred (Lafon et. al 2017).
After European settlement there were drastic losses to populations of indigenous
people due to disease, forced re-settlement to Oklahoma, and conflict with settlers, who
then continued to use fire to create and maintain open pastures for livestock animals
(Ryan et. al 2013). Over time, settlers in the Southern Appalachians also introduced the
practice of large-scale, unregulated logging, primarily for timber production but also to
create more open agricultural land and to provide fuel (Ryan et. al 2013). The slash
leftover from logging led to more and increasingly detrimental wildfires, and so the fire
frequency drastically increased during this time as fuel built up and fires often burned out
of control (Flatley et. al 2013). Negative views of fire grew throughout the early 20th
century, prompted by the increase in wildfires, and caused the newly created US Forest
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Service to adopt an official policy of fire suppression beginning in the 1920s (Van Lear
and Waldrop 1989), which was believed to be a way to protect the forestry industry. This
policy halted the traditional disturbance regime of the Southeastern United States,
resulting in widespread changes in forest composition and structure (Abrams 2005).
A primary result of the fire exclusion of the last century has been termed
‘mesophication’, which is defined as a positive feedback loop where “microenvironmental conditions (cool, damp, and shaded conditions; less flammable fuel beds)
continually improve for shade-tolerant mesophytic species and deteriorate for shadeintolerant, fire-adapted species” (Nowacki and Abrams 2008). In the Southern
Appalachians, mesophication results in the loss of critical oak/pine ecosystems, which
were generally diverse in forest stand age and species composition, had higher densities
of dead trees and tree snags than unburned sites, and rich understory diversity (Schulte
and Niemi 1998). In the absence of fire, ecosystems are altered as species like red maple
(Acer rubrum L.), yellow-poplar (Liriodendron tulipifera L.), and blackgum (Nyssa
sylvatica M.), become more abundant within the ecosystem (Lafon et. al 2017) by
outcompeting oaks and preventing the growth of shade intolerant pines once mature. The
forest also tends to become more homogenized both in stand structure and age, as new
oaks and pines cannot establish and mesophytic hardwood species mature at or around
the same time, decreasing the patchiness of the habitat and contributing to the loss of
diversity in both the overstory and understory layers (Greene et. al 2016).
Shaded, closed canopy conditions arising from fire exclusion also contribute to
greater humidity in forested ecosystems, reducing the flammability of leaf litter and
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further amplifying the feedback loop that has contributed to suppressed recruitment of
oaks and hickories in this region (Kreye et. al 2013). As canopies close, ecosystems
occurring as a result of fire suppression become much more uniform in form and function
and therefore do not support as many species or habitat niches (Saab and Powell 2005) as
the historical ecosystems of this region. Because the effects of fire suppression have been
increasingly documented and studied, forest managers in recent years have begun
implementing prescribed fires to reduce fuels, restore historical disturbance regimes, and
enhance landscape heterogeneity, with the Southeast being a pioneer in this movement
(Ryan et. al 2013).
Restoring historical disturbance regimes and re-implementing fire as a
management tool has proven to be useful in creating canopy gaps (Lorber et. al 2018),
promoting the re-growth of shade-intolerant, fire-tolerant species, increasing the density
of tree snags and dead trees, and increasing wildlife diversity (Harper et. al 2016).
Canopy cover may therefore be a critical feature in restoring forest heterogeneity.
Specifically, creating early and open canopy conditions, defined by Lorber et. al (2018)
as early successional (<30% canopy cover) and mid to late successional open habitat (3060% canopy cover), while reducing closed canopy (>60% canopy cover) conditions may
be important for a variety of floral and faunal species in the Southern Appalachians.
However, much is still unknown about the practical applications of fire to meet
management objectives. Fire seasonality, or the time of year a fire is set, is one aspect of
fire ecology that is particularly under-researched.
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Historically, fires likely occurred during both the growing season (e.g., during
spring and summer when vegetation is opening buds or in leaf) and the dormant season
(e.g., during the winter when vegetation is not putting out new growth). Lightning caused
fires likely occurred mostly in the late spring and early summer, when conditions were
drier and more conducive to ignition, while human caused fires probably occurred mostly
in the fall, winter, or early spring (Knapp et. al 2009). Today, managers burn primarily in
the dormant season, mostly to prevent the likelihood of fire escaping and causing
wildfires, but also because studies on fire seasonality and how it affects habitat and/or
wildlife are more limited than other aspects of fire ecology, like intensity or severity
(Knapp et. al 2009). Recently, however, research has indicated that dormant season burns
alone may not be entirely effective in restoring habitat, and instead growing season burns
may be necessary to promote historical structural diversity within this region (Sparks et.
al 2002). Because of this, there is a need for further research on the effects of burn
seasonality on forest structure.
1.1.2. RESEARCH QUESTIONS
Better understanding how fire seasonality influences ecosystem heterogeneity
could be important in creating and implementing effective forest management strategies
throughout the year. Forest managers would benefit from increased knowledge on burn
seasonality, so they can schedule burns in a season that would best meet their
management objectives. Understanding how season of burn influences forest
heterogeneity will also be important as researchers work to restore historical disturbance
regimes and ecosystem types. In this study, we compared seven prescribed burns
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conducted in the dormant or early growing seasons to evaluate the effect of burn
seasonality on forest structure in the Southern Appalachians. We used the National
Agricultural Imagery Program’s (NAIP) ‘leaf on’ imagery to answer the following
questions:
1. Using canopy gaps as an indicator of forest heterogeneity, how does reduction of
canopy closure differ by season of burn?
2. How does land cover diversity (amount and evenness of early, open, and closed
canopy) differ by season of burn?
3. Does season of burn influence the amount of available edge habitat?
For question #1, we hypothesized that increased fuel consumption of early
growing season burns would increase habitat heterogeneity. Under this hypothesis, we
predict that growing season burns will be more effective at reducing canopy closure and
creating early and open canopy conditions compared to dormant season burns.
For question #2, we hypothesized that increased variability in fire temperatures
and greater reductions in canopy cover/promotion of early and open canopy conditions in
early growing season burns would positively influence the heterogeneity of these units.
Under this hypothesis, we predict that growing season burns will have greater land cover
diversity compared to dormant season burns.
For question #3, we hypothesized that greater total areas of early and open canopy
conditions and higher levels of land cover diversity in growing season burns would
positively influence the amount of edge habitat. Under this hypothesis, we predict that
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growing season burns will have greater total amount of edge habitat compared to dormant
season burns.
1.2 METHODS
1.2.1 STUDY AREA
We conducted this study on public land managed by the US Forest Service in the
Southeastern United States across the Southern Blue Ride Escarpment of the Southern
Appalachian Mountains. Treatment replicates used within the study were in the
Chattooga River Ranger District (CR) of the Chattahoochee National Forest in Rabun and
Stephens Counties, Georgia, and the Andrew Pickens Ranger District (AP) of the Sumter
National Forest in Oconee County, South Carolina. Within this region, dominant
ecological zones include Dry-Mesic Oak-Hickory Forests, Shortleaf Pine-Oak Forests
and Woodlands, Mixed Oak/Rhododendron Forest, and Montane Oak-Hickory Forest.
Variation in topography and elevation among and within units lead to a wide range in
vegetation types in this study, but forest cover within treatment units consisted primarily
of oaks [i.e., Quercus alba L., Q. rubra L.], hickories [i.e., Carya glabra M., C.
tomentosa M.], and pines [i.e., Pinus strobus L.] in combination with significant
encroachment from mesophytic, fire-sensitive hardwoods. Species like red maple (Acer
rubrum L.), blackgum (Nyssa sylvatica M.), mountain laurel (Kalmia latifolia L.), and
rhododendron (Rhododendron maximum L.) were often dense in the lower over-story and
midstory, leading to a sparse or bare understory in most units. Where it existed,
understory cover consisted primarily of ferns, grasses, various species of broadleaved
forbs, and saplings of mesophytic tree species.
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Prescribed burns were implemented by the US Forest Service in coordination with
Clemson University for a previous study (Vaughan et. al 2021; Vaughan et. al 2022) in
either 2018 or 2019 (Table 1.1). Dormant season burns occurred between January 31April 5 and were defined as burns that took place before tree buds began to break
dormancy. Early growing season burns occurred between April 18-April 26 and were
defined as burns that took place after leaf-out but before complete canopy closure. All
were first-entry burns, meaning they were the first prescribed fires conducted in those
units in recent history. Additional growing season burns were implemented in April 2021
in the two blocks located in the Andrew Pickens Ranger District (AP1 and AP2). Burns
were set using various methods, including hand ignition using drip torches and aerial
ignition using delayed aerial ignition devices from helicopters. A spot-fire technique was
used for hand ignitions to simulate aerial ignition.
1.2.2 STUDY DESIGN
We conducted this study as a randomized block design, with three treatments
(dormant season burn, growing season burn, unburned control) each replicated three
times. Two replicates occurred in the AP District and one replicate occurred in the CR
District, and one additional stand-alone dormant season burn occurred in the CR District
for a total of ten treatment units (Figure 1.1). To compare forest structure between
dormant and growing season burns, we analyzed leaf-on imagery from the U.S.
Department of Agriculture’s National Agricultural Imagery Program (NAIP) from both
pre-burn (2017) and one or two years post burn (2019) using ArcGIS Pro (2021).
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Analysis of canopy cover and designation of forest categorizations was based on a
previous study conducted by Lorber et. al (2018).
In each unit, we hand-digitized areas of early and open canopy conditions in preburn (2017) and post-burn (2019), based on the amount of visible canopy cover and
adapted from Lorber et. al 2018 (Table 1.2). All areas not visually distinct as early or
open were defined as closed and were not digitized. We digitized areas of early and open
conditions in post-burn imagery only when it was clear that these conditions did not exist
prior to the first burn, and areas of early and open conditions from pre-burn imagery were
only included in the analysis on canopy cover reduction. For all other analyses, we
excluded pre-burn areas of early and open so as to ensure that the forest structure from
2019 imagery was the result of burning. After delineating these conditions in the entire
unit, we then created 30, 1.21 ha polygons (based on the average area of early and open
conditions across all units), in each unit as a means of sampling change to habitat
structure across treatment units. AP2 growing unit was an exception to this design, as its
small size only allowed for 15 polygons. We placed each polygon randomly throughout
the unit using the Create Random Point, Buffer, and Buffer to Feature Envelope tools in
ArcGIS Pro. Some polygons were adjusted after random placement to avoid overlap with
neighboring polygons. After placement, the total area of early, open, and closed
conditions within each polygon were totaled. To reduce observer bias, all units were
hand-digitized at 1:5000 zoom by the author.
1.2.3 DATA ANALYSIS
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We compared the effectiveness of burn seasonality in reducing canopy cover and
creating more open and early successional habitat by conducting a One-way Analysis of
Variance (ANOVA) using the aov() function in the R Stats Package (R Core Team 2013)
in R (R Team 2021). We used this function to compare the percent decrease in closed
canopy conditions among our dormant season burn units, growing season burn units, and
unburned control units from 2017 (pre-burn) to 2019 (post-burn). We chose to analyze
the percent decrease in closed canopy rather than the percent increase in early or open
canopy conditions so we could see the effectiveness of the burns in reducing canopy
cover overall, as well as because most plots analyzed started with no early or open
canopy conditions and therefore, we could not compute percent change. In order to pinpoint more specific differences between the growing and dormant season burns in
reduction of canopy cover, we then ran an additional ANOVA on the change in total area
of open canopy post-burn. We chose to analyze open rather than early or both categories
because early conditions were more tightly correlated with the decrease in canopy cover,
and because this category was most heavily zero-inflated and therefore was more
challenging to meet the assumption of normality even when the data were transformed.
Additionally, when analyzed in combination with the percent decrease of canopy cover,
analyzing the total area of open canopy gave us insight to the complete forest structure,
including early canopy conditions.
We then compared forest heterogeneity between treatment units using the
Shannon-Weiner Diversity Index, using total area of early, open, and closed in each 3acre subplot in place of species and abundance. We chose the Shannon-Weiner Index
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because it is commonly used to assess land cover diversity (Antwi et. al 2006). We
calculated the diversity index for each of the 30 plots in all ten treatment units in
Microsoft Excel, and then compared diversity between treatments using a one-way
ANOVA in R. Additionally, we compared the amount of edge habitat (length of
delineated early and open polygons) between treatment types. For all analyses, where
results were significant, we ran a Tukey’s Honestly Significant Difference Test to
determine where differences in means occurred. All sample units were independent of
each other and assumed to have equal variance, and we checked the distributions of our
dependent variables for normality. To meet the assumption of normality, we transformed
our canopy cover data using a cube-root transformation, and assumed our data was robust
to a small violation of normality. We evaluated the null hypothesis (that changes in
canopy cover or landscape diversity did not differ among treatments) at α=0.05.
1.3. RESULTS
1.3.2. CANOPY COVER
Prior to the first burn, most units had no discernable canopy gaps when analyzed
at our 1:5000 scale. Exceptions to this were mainly limited to clear cuts and/or rock
outcrops and were generally less than 3% of the total unit area. The total area of all
subplots within each treatment unit was 36.45 hectares (ha), totaling in 109.35 ha for
each treatment type, except dormant treatments which had an additional unit resulting in
a total of 145.8 ha analyzed (Figure 1.2). Results of the one-way ANOVA on percent
decrease in closed canopy conditions between pre-burn and post-burn imagery indicated
that treatment type had a significant effect on the effectiveness of canopy cover reduction
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in the Southern Appalachians (Table 1.3.). The average percent decrease in closed
canopy conditions was highest overall in growing season treatment plots (Figure 1.3).
Similarly, the analysis on the total area of ‘open’ conditions created by the fire indicated
a significant influence of treatment type in creating mid-successional open canopy
conditions (Table 1.3). Growing season treatment units had an average of 0.053 ha of
open canopy conditions in each subplot following the burn treatment compared to 0.015
ha in dormant season burn units and 0.00012 ha in unburned controls. The percent of the
total area of our treatment units represented by open canopy conditions was highest in
growing season treatment units, while the percent of total area represented by early
canopy conditions was highest in dormant season treatment units (Figure 1.4).
1.3.3. LAND COVER DIVERSITY AND EDGE HABITAT
Results of the one-way ANOVA comparing landscape diversity indicated a
significant effect of burn treatment on the total amount and distribution of early, open,
and closed canopy conditions between units using the Shannon-Weiner diversity index
(Figure 1.5). The mean land cover diversity from treatment subplots was lowest in the
unburned control units, averaging at 0.006, compared to 0.07 in dormant season burn
units, and was highest in growing season burn units at 0.32. Treatment type also had a
significant effect on the total length of edge habitat within each subplot (Figure 1.6). The
average length of open and early polygons in growing season treatment units was 141.30
m, while the average length in dormant season treatment units was 104.81 m and in
unburned controls was 0.544 m.
1.4 DISCUSSION
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Our pre-burn imagery, which had nearly 100% canopy cover in most treatment
units, is indicative of the effects of the last century of active fire suppression. Because the
fires in our treatment units were first-entry burns, the homogenous forest structure and
closed canopy conditions are likely the result of fire-sensitive trees like maples, typically
excluded from the canopy, being able to grow into the overstory and outcompete
dominant oaks and pines in the absence of this historical disturbance (Lafon et. al 2017).
A single fire may not be sufficient in reducing canopy cover and restoring former forest
heterogeneity (Olson and Platt 1995, Cronan et. al 2015). However, canopy closure was
reduced by up to 13% following the first burn in some treatments documented here,
which is similar to results from the study done by Lorber et. al (2018). Differences in the
reduction of canopy cover and the associated production of early and mid-successional
open habitats between growing and dormant season burn units indicate that seasonality is
a significant factor in determining the impacts of fire on forest structure.
Early growing season burns were more effective in reducing canopy cover
compared to dormant season burns. Previous studies have found that burns conducted in
April were most effective in reduction of mesophytic hardwood species compared to
burns conducted during the dormant and late growing season (Brose and Van Lear 1989;
1990, Brose et. al 1999), and our data, from early growing season burns, is consistent
with these findings. Differences in canopy cover between our dormant and growing
season treatment units may result because our burns took place during mid to late April,
after buds were broken but before they have completely leafed out. Additionally, soil
conditions likely contributed to higher intensity and severity fires that would explain
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differences in canopy cover between our dormant and growing season treatment units
(Brose and Van Lear 1998). A study conducted in these same burn units by Vaughan et.
al (2021) found that the proportion of burned area in growing season treatment units was
significantly higher in growing season burns compared to dormant season burns, which
aids in the understanding of our results and supports our hypotheses. Vaughan et. al
(2022) also found little to no difference in overstory density and cover between the
dormant and growing season burns in our same units, which differs from our results.
Delayed tree mortality that has been documented in previous studies (Waldrop 2008,
Yaussy and Waldrop 2010), may have contributed to canopy gap creation in some burn
treatment units, as aerial imagery was analyzed from 2019, and several burns took place
in 2018. It is possible that differences in canopy gap creation between early growing and
dormant season burns may also become more evident with increasing time since fire,
which would be consistent with several studies indicating that effects from a single fire
often unfold over many years (Groeschel 1992, Elliot et. al 2009).
Canopy gaps have been shown to improve structural variation and plant and
wildlife diversity within forests (Muscolo et. al 2014), and this increased heterogeneity
has been shown to improve with fire (Lorber et. al 2018, Greenberg et. al 2014).
Specifically, fire seems to improve species diversity within forested landscapes through
the regeneration of a dominant herbaceous understory as canopies open (Nowacki and
Abrams 2008). A study conducted by Ling et. al (2020) found that diversity in forest
ecosystems increased in management scenarios that utilized prescribed fire, compared to
landscapes with no fire, and that evenness and species distributions increased in fire
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managed scenarios. Our results on land cover diversity are consistent with these findings,
but our results also indicate a difference of fire seasonality on the amount and type of
forest cover following fire. Diversity indices were highest in growing season burn
treatment units, indicating that these fires are more effective at not only reducing canopy
cover and creating early successional and open canopy forest conditions, but also at
creating a more even distribution of closed, early, and open canopy throughout the
burned stand. Dormant season burns do not appear to be effective in restoring forest
structural and compositional diversity, which is consistent with other studies (Oakman et.
al 2019, 2021), especially after a single burn. However, repeated dormant season burns
may eventually meet management objectives in enhancing structural diversity in this
region, particular if burns are of higher intensity. Because increases in landscape
heterogeneity resulting from prescribed fire have important implications for both plant
and wildlife diversity (Elliot et. al 2009, Harper et. al 2016), early growing season burns
that are more effective in improving land cover diversity could be an increasingly
important management tool.
The importance of edge habitat for many wildlife species, including species of
management concern like Bobwhite Quail (Colinus virginianus L.) and White-tailed Deer
(Odocoileus virginianus Z.), may also point to the utility of using early growing season
burns for habitat management. Our results indicate that early growing season burns not
only had higher levels of habitat diversity, but also had greater levels of edge habitat,
which previous studies have documented as important for many wildlife species (Parkins
et. al 2019). However, dormant season burns also had a significantly higher amount of
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edge habitat compared to unburned controls, and so while growing season burns may be
more effective in creating this important habitat niche, dormant season burns may also be
important in increasing transitional habitat.
1.4.1. CONCLUSIONS
Overall, our results indicate the effectiveness of prescribed fire in reducing
canopy cover, improving heterogeneity, and restoring natural disturbance regimes in the
Southern Appalachians. In particular, early growing season burns appear to be more
effective than dormant season burns in creating open and early successional habitat,
improving land cover diversity, and increasing the availability of edge habitat following
the last century of fire suppression. Dormant season burns should continue to be used
where a greater retention of closed canopy or interior forest conditions is necessary, but
forest managers may look to expand their burns to the early growing season where
reduced canopy cover and improved heterogeneity are the primary goals. Additionally,
dormant season burns may effectively create similar conditions of heterogeneity and
landcover diversity to the growing season after additional burns, and future studies
should seek to understand the effect of repeated burning on forest structure in this region.
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TABLES AND FIGURES
Table 1.1. List of treatment units used in this study, organized by block and treatment,
showing burn date (when applicable), area, and elevation.
Replicate
Treatment
Unit
Burn Date
Area
Elevation
Name
(ha)
Range
(m)
Unburned control (C)
AP1C
n/a
134
498-625
AP1
Dormant season burn
AP1D
01/31/18
538
480-772
(D)
Early growing season
AP1G
04/18/18
160
454-560
burn (G)
Unburned control (C)
AP2C
n/a
81
360-470
AP2
Dormant season burn
AP2D
03/18/19
205
275-468
(D)
Early growing season
AP2G
04/21/18
43
312-462
burn (G)
Unburned control (C)
CR2C
n/a
323
704-1,157
CR2
Dormant season burn
CR2D
04/05/18
436
734-1,427
(D)
Early growing season
CR2G
04/24/19
446
622-966
burn (G)
CR3
Dormant season burn
CR3D
03/03/18
571
222-386
(D)
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Table 1.2. Canopy cover thresholds used in GIS habitat delineations, modified from
Table 1 of Lorber et. al 2018.
Category
Habitat Type
% Closed Canopy
Early
Early successional
<30%
Open

Mid-late successional,
open canopy

30-60%

Closed

Mid-late successional,
closed canopy

>60%
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Table 1.3. Summary of statistics from one-way analyses of variance on canopy cover
changes by treatment type unburned control, dormant season burn, or early growing
season burn). Based on leaf-on imagery from the Chattooga River and Andrew Pickens
Ranger Districts analyzed on ArcGIS Pro
Analysis

DF

Sum sq.

Mean sq.

F Value

P(>F)

% Decrease Closed

2

41.85

20.924

20.18

6.45E-09

Total Area (ha) Open

2

1.682

0.8410

26.07

4.07E-11

Landcover Diversity

2

4.64

2.318

17.3

8.15E-08

Edge Length

2

189.4

94.72

21.86

1.50E-09
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Figure 1.1. Map showing the three blocks, each comprised of the three treatment units
(with the additional stand-alone dormant burn, used in Chapter One) with ‘AP’ referring
to the Andrew Pickens Ranger District and ‘CR’ referring to the Chattooga River Ranger
District.
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Figure 1.2. Map of AP2 Control, Growing, and Dormant treatment units generated via
NAIP Imagery on ArcGIS Pro. Blue areas represent open canopy, or mid-successional
open habitat (30-60% canopy cover), Yellow areas represent early canopy, or early
successional habitat (<30% canopy cover). Anything not indicated by yellow or blue
polygons represents closed canopy (>60% canopy cover).
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Treatment Type
Growing

Dormant

Control

0

-4
-6
-8
-10
-12
Figure 1.3. Average percent decrease in closed canopy conditions (>60% canopy cover)
from pre-burn (2017) to post-burn (2019) across all 3-acre subplots in control, dormant,
and growing treatment units from the Chattooga River Ranger District and the Andrew
Pickens Ranger District. Error bars represent the standard error of the mean. Canopy
cover hand digitized using U.S. Department of Agriculture NAIP imagery at a 1:5000
level scale in ArcGIS Pro. Letters represent where significant (<0.05) differences
occurred.
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% Change (Closed)

-2

10

Control

9

Dormant

8

Growing

% of Total Area

7
6
5
4
3
2
1
0

Early

Open
Canopy Category

Figure 1.4. Percent of total area represented by early and open canopy conditions in
unburned control, dormant season burn, and early growing season burn units from the
Chattooga River Ranger District and Andrew Pickens Ranger District. Canopy cover
analyzed using U.S. Department of Agriculture NAIP imagery, and areas of early (<30%
cover) and open (30-60% cover) canopy digitized at a 1:5000 level scale in ArcGIS Pro.
Error bars represent the standard error of the mean.
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0.45
0.4

Diversity

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

Control

Dormant

Growing

Treatment Type
Figure 1.5. Mean land cover diversity calculated using the Shannon-weiner Diversity
Index across all 3-acre subplots in unburned control, dormant season burn, and growing
season burn treatment units in the Chattooga River Ranger District and Andrew Pickens
Ranger District. Land cover diversity calculated from the total area of early (<30%
canopy cover), open (30-60% canopy cover), and closed (>60% canopy cover). Error
bars represent the standard error of the mean. Letters represent where significance
(<0.05) occurred.
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Figure 1.6. Mean length (m) of edge habitat within each 3-acre subplot from post-burn
(2019) imagery of dormant season and growing burns in the Chattooga River and
Andrew Pickens Ranger District. Error bars represent the standard error of the mean.
Data collected from the US Department of Agriculture NAIP imagery digitized at a
1:5000 level scale.
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CHAPTER TWO
FIRE SEASONALITY: HOW DOES SEASON OF BURN INFLUENCE THE
ABUNDANCE AND RICHNESS OF BIRDS IN THE SOUTHERN APPALACHIANS?
2.0 ABSTRACT
Prescribed fire has become an increasingly common tool for forest managers in
the Southeastern United States looking to restore historical disturbance regimes.
However, much is still unknown about the practical applications of prescribed fire, and
burn seasonality is one area of fire management that has been particularly under-studied.
Therefore, we investigated migratory and breeding bird abundance and richness within
fire managed forests in the Sumter and Chattahoochee National Forests in the Southern
Appalachians to determine effects of fire seasonality in this region. We used a complete
randomized block design to conduct avian point counts from March-July of 2021 in three
blocks each comprised of three treatments (dormant season burn, early growing season
burn, and unburned control) and collected site-specific habitat data related to season of
burn effects. N-mixture modeling that accounted for imperfect detection of species
predicted abundance was significantly higher in growing season burn treatments than
both unburned controls and dormant season burns, with 21.45 predicted individuals
(SE=±1.15) compared to 16.65 individuals (SE=±1.01) in dormant season burn
treatments and 17.24 individuals (SE=±1.32) in unburned controls. Total species richness
was also highest in early growing season burns, with an average cumulative richness of
32 species, compared to 23 species in dormant season burns and 24 species in unburned
controls. Our results show that burn seasonality and/or specific habitat characteristics
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related to differences in burn seasonality may be particularly important for breeding birds
in this region, and that growing season burns may be more effective in enhancing habitat
and wildlife heterogeneity in the Southern Appalachians.
2.1 INTRODUCTION
2.1.1. BACKGROUND INFORMATION
Populations of birds have been facing widespread declines in the last fifty years,
and losses to suitable breeding habitat may be a significant contributing factor
(Greenberg et. al 2013). In the Southeastern US, loss of habitat stems heavily from the
absence of historical disturbance regimes, and in the Southern Appalachians specifically,
the predominant historical disturbance was fire (Flatley et. al 2013). This region was
once host to a wide variety of habitat types, ranging from pine, mixed oak and pine, to
mixed oak hardwood stands, most of which are believed to have burned at relatively
frequent intervals (Lafon et. al 2017). Prior to human settlement, lightning-caused fires
were common, and later Indigenous people migrating to the region introduced the
practice of setting fires to hunt or maintain open habitat for grazing animals (Van Lear
and Waldrop 1989). During this time, some habitats burned more frequently than others
depending on physiographic region, topography, and species composition. Areas with
high levels of fire tolerant oaks and pines likely burned frequently, while other regions
with fewer fire tolerant species burned infrequently or not at all (Lafon et. al 2017).
Along the Southern Blue Ridge escarpment and the neighboring Piedmont region
of the Southern Appalachians, ecosystems prior to European settlement were mainly
oak/pine dominated forests with several species that had adapted to survive frequent fires,
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like the Table Mountain Pine (Pinus pungens L.) or could quickly re-establish after fire
had occurred (Lafon et. al 2017). Variability in fire frequencies throughout the region
maintained historical ecosystems in the Southeast that were structurally and functionally
heterogenous, meaning they varied greatly in both species composition, stand age, and
densities of the overstory, midstory, and understory vegetation layers. Variability in fuel
loads due to topography, elevation, and dominant species type also meant fires burned
inconsistently, creating patchy habitats with small refuges for fire-intolerant species
alongside habitat suitable for fire-tolerant species (Ryan et. al 2013). The exact historical
fire frequency of this region is unknown, but fire scar history has indicated that low
severity fires in mixed pine/oak stands occurred once every 6-13 years, and high severity
fires occurred throughout the region at an average interval of 75 years (Flatley et. al
2013).
Following European colonization there were drastic losses to native human
populations due to both disease and conflict with settlers, who then introduced the
practice of large-scale, unregulated logging, primarily for timber production, but also to
create more open agricultural land and to provide fuel (Ryan et. al 2013). The slash
leftover from logging led to more and increasingly detrimental wildfires, and so the fire
frequency drastically increased during this time as fuel built up and fires often burned out
of control (Flatley et. al 2013). Negative views of fire grew throughout the early 20th
century, prompted by the increase in wildfires, and caused the newly created US Forest
Service to adopt an official policy of fire suppression beginning in the 1920s (Van Lear
and Waldrop 1989), which was believed to be a way to protect the forestry industry.
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With the onset of fire suppression, large scale ecosystem changes began. In the
Southern Appalachian region, fire suppression has resulted in the loss or degradation of
critical oak/pine ecosystems, which were generally diverse in forest stand age and species
composition, had higher densities of dead trees and tree snags than unburned sites, and
rich understory diversity (Schulte and Niemi 1998). In the absence of fire, oak/pine
forests tend to become more homogenized both in stand structure and age, as new oaks
and pines are out-competed by fire-sensitive hardwood species that would otherwise be
suppressed to the midstory with frequent disturbance. Fire-sensitive shrub species, like
Mountain Laurel (Kalmia latifolia L.) and Great Rhododendron (Rhododendron
maximum L.), also become dense in the midstory, further reducing structural diversity.
Forest homogenization, the loss of tree snags and dead trees, the loss of an herbaceous
understory layer, and the increased dominance of the midstory layer resulting from fire
suppression have contributed to the decline of bird diversity in the Southeast (Schulte and
Niemi 1998). Because breeding niche requirements vary, the number of bird species
present in an ecosystem increases with forest heterogeneity (Schulte and Niemi 1998),
which means fire could be an important factor in promoting bird diversity in the
Southeast.
The variability of eco-types and frequent disturbance, coupled with refugia from
disturbance, that exists on a fire-dominated landscape provides multiple available
breeding and foraging niches and creates suitable habitat for species across all nesting
and foraging guilds (Greenberg et. al 2013). Additionally, 14 bird species that currently
breed in the Southeast that are listed as endangered, threatened, or at risk either federally
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or within a specific state, rely on disturbance to maintain their habitats (Greenberg et. al
2013). Golden-winged Warblers (Vermivora chrysoptera L.) and Bobwhite Quail
(Colinus virginianus L.), for example, are two species that breed in the central and
southern Appalachians and are heavily dependent on early successional shrub-scrub
habitats, like those associated with frequent fire (Hunter et. al 2001). In recent years,
noting the widespread effects of fire exclusion, the US Forest Service and nongovernmental organizations have begun to reverse the policy of fire suppression and
implement prescribed fires.
Prescribed fire is defined as a fire that is intentionally set to manage habitat. In the
Southeast, it is used primarily to restore traditional disturbance regimes, set back
succession, and restore native ecosystems. There is still much unknown about the
practical applications of fire, with measures of fire intensity, severity, and return intervals
being topics of particular interest when managers are determining how to burn to meet
management objectives (Saab and Powell 2005). Fire seasonality, or the time of year
when a fire is set, may be another important aspect of prescribed fire management.
Dormant season burns occur in the winter when vegetation is not putting out new growth,
and growing season burns are those conducted when vegetation is opening buds or in
leaf. Today, managers burn primarily in the dormant season, mostly to prevent the
likelihood of fire escaping and causing wildfires, but also because there is very little
known about fire seasonality and how it affects habitat and/or wildlife (Knapp et. al
2009). Seasonality may be especially important in influencing bird populations,
particularly if prescribed fires take place during the breeding season. Fire may
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immediately exclude some breeding birds, most notably ground nesting birds, if burns
take place when these species are nesting, and they are driven out of the habitat
(Greenberg et. al 2018). In the long-term, however, fire could be beneficial to the groundnesting guild if it meets the goal of restoring the herbaceous understory (Schulte and
Niemi 1998). As managers look to expand their burn season, it is important to learn how
fire seasonality influences wildlife populations, and particularly populations of breeding
birds that have been significantly affected by the loss of disturbance and forest
heterogeneity resulting from fire suppression.
2.1.2. RESEARCH QUESTIONS
Populations of birds, particularly disturbance-dependent species, are at risk across
their ranges. In the Southern Appalachians, this decline is believed to be caused primarily
from loss of suitable breeding habitat as a result of the removal of historical disturbance
regimes (Greenberg et. al 2014). The re-implementation of fire from forest managers in
the Southeast could therefore improve breeding habitat and benefit bird populations in the
Southern Appalachians. Using point count data collected during the migration and
breeding seasons following prescribed fire, we attempted to answer the following
questions:
1. Does season of burn influence the overall abundance of birds in the Southern
Appalachians?
2. Does season of burn influence the abundance of five focal species [Eastern
Towhee (Pipilo erythrophthalmus L.), Carolina Wren (Thyrothorus ludovicianus
L.), Pileated Woodpecker (Dryocopus pileatus L.), Hooded Warbler (Setophaga
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citrina B.), and Scarlet Tanager (Piranga olivacea G.)] or the abundance of birds
by nesting guild?
3. Does season of burn influence total species richness of birds in the Southern
Appalachians?
For question #1, we hypothesize that the increased forest heterogeneity expected
from growing season burns will positively affect overall bird abundance. Under this
hypothesis, we predict that total abundance will be higher following growing season
burns compared to dormant season burns.
For question #2, we hypothesize that the greater abundance of dead tree snags and
a more dominant herbaceous understory in growing season burn units will positively
affect cavity and ground nesting species, but the reduced midstory and increased
openness will negatively affect shrub nesting species and mature forest obligates. Under
this hypothesis, we predict that the abundance of Eastern Towhees, Carolina Wrens, and
Pileated Woodpeckers will be higher in growing season burns, while the abundance of
Scarlet Tanagers and Hooded Warblers will be higher in dormant season burns. We also
predict that ground and cavity nesting species will be more abundant in growing season
burns, while tree and shrub nesting species will be more abundant in dormant burns and
unburned controls.
For question #3, we hypothesize that increased forest heterogeneity expected from
growing season burns will positively affect total species richness. Under this hypothesis,
we predict that richness will be higher following growing season burns compared to
dormant season burns.
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2.2 METHODS
2.2.1 STUDY AREA
We conducted this study on public land managed by the US Forest Service in the
Southeastern United States across the Southern Blue Ride Escarpment of the Southern
Appalachian Mountains. Treatment replicates used within the study were in the
Chattooga River Ranger District (CR) of the Chattahoochee National Forest in Rabun and
Stephens Counties, Georgia, and the Andrew Pickens Ranger District (AP) of the Sumter
National Forest in Oconee County, South Carolina. Within this region, dominant
ecological zones include Dry-Mesic Oak-Hickory Forests, Shortleaf Pine-Oak Forests
and Woodlands, Mixed Oak/Rhododendron Forest, and Montane Oak-Hickory Forest.
Variation in topography and elevation among and within units lead to a wide range in
vegetation types in this study, but forest cover within treatment units consisted primarily
of oaks [i.e., Quercus alba L., Q. rubra L.], hickories [i.e., Carya glabra M., C.
tomentosa M.], and pines [i.e., Pinus strobus L.] in combination with significant
encroachment from mesophytic, fire-sensitive hardwoods. Species like red maple (Acer
rubrum L.), blackgum (Nyssa sylvatica M.), mountain laurel (Kalmia latifolia L.), and
rhododendron (Rhododendron maximum L.) were often dense in the lower over-story and
midstory, leading to a sparse or bare understory in most units. Where it existed,
understory cover consisted primarily of saplings of mesophytic species, ferns, grasses,
and various species of broadleaved forbs.
Prescribed burns were implemented by the US Forest Service in coordination with
Clemson University for a previous study (Vaughan et. al 2021) in either 2018 or 2019
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(Table 1.1). Dormant season burns occurred between January 31-April 5 and were
defined as burns that took place before tree buds began to break dormancy. Early
growing season burns occurred between April 18-April 26 and were defined as burns that
took place after leaf-out but before complete canopy closure. All were first-entry burns,
meaning they were the first prescribed fires conducted in those units in recent history.
Additional growing season burns were implemented in April 2021 in the two blocks
located in the Andrew Pickens Ranger District (AP1 and AP2). Burns were set using
various methods, including hand ignition using drip torches and aerial ignition using
delayed aerial ignition devices from helicopters. A spot-fire technique was used for hand
ignitions to simulate aerial ignition.
2.2.2 STUDY DESIGN
We conducted this study as a complete randomized block design, with three
treatments (dormant season burn, growing season burn, unburned control) each replicated
three times. Two replicates occurred in the AP district, and one occurred in the CR
district, for a total of nine treatment units across all sites. Treatment units were the same
as those used in Chapter One, but excluded the additional stand-alone dormant season
burn from CR3 used in that chapter (Figure 1.1). We randomly placed point counts within
each replicate to increase representation of the variable elevation, topography, and habitat
types found within the region. The number of point counts in each treatment unit varied
based on unit size and accessibility but ranged from a minimum of 2 to a maximum of 10,
with an average of 6 per unit and a total of 59 point counts. We placed each point count at
least 150 m away from the nearest neighboring point count and at least 125 m away from
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the unit boundary, based on recommendations from the US Department of Agriculture
(Huff et. al 2000). We surveyed during two critical periods: migration and breeding, to
account for differences in bird assemblages that occur between spring and early summer
as non-breeding migrants move through the region.
We surveyed each point count location three times during the migration period
(March 13-May 15, 2021) and three times during the breeding period (May 16-July 15,
2021) which is the recommended number of replicates needed to assess bird abundance
and diversity (Huff et. al 2000). We conducted ten-minute fixed radius point counts,
recording all birds heard or seen within a 50 m radius recorded. To reduce overestimations of species and availability bias, we ensured individual birds were recorded
only once during the survey period. Surveys took place between ½ hour before sunrise to
10 am EST during fair weather conditions (i.e., minimal wind/rain). Intermittent and light
drizzle was permitted if it did not significantly impede the ability of the surveyor to hear
birds, or significantly reduce bird activity. To reduce observer bias, point counts were
conducted by the same two individuals throughout data collection, and point count
locations were alternated between the two surveyors every replicate.
At each point count location during the breeding season, we also collected a series
of site and survey-specific habitat variables. During the first breeding replicate, we
collected the total basal area and total snag basal area with a wedge prism held at eye
level using a basal area factor (BAF) of ten. These were collected only once because it
was assumed that, without additional fires, there would be no significant change in basal
area between replicates. Survey characteristics (canopy cover, herbaceous cover, and
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average shrub height) were expected to change between replicates as the season
progressed, and thus we recorded these at each point count location during each breeding
replicate (3 times total across all surveys), and then averaged the values across all
replicates. Canopy cover was estimated on a 0-5 categorical scale (0 – completely closed
canopy, 1 – mostly closed, 2 – partially closed, 3 – half closed/half open, 4 – mostly
open, 5 – completely open), and herbaceous cover, low shrub (knee to breast height), and
high shrub (above breast height) density were estimated on a 1- 5 numerical scale (1 – 020% cover/density, 2 – 21-40%, 3 – 41-60%, 4 – 61-80%, 5 – 81-100%). We estimated
average shrub height to the nearest tenth of a meter. Each metric was based on the
average of a 25-meter radius surrounding the point count location.
2.2.3 DATA ANALYSIS
We compared total bird abundances and abundance of focal species and nesting
guilds between treatment units in both the migration and breeding seasons by creating Nmixture models using the p-count () function in the unmarked package (Fiske and
Chandler 2011) in R (R Team 2021). N-mixture models were determined to be
appropriate as they estimate abundance for studies where randomized points are
temporally replicated (Royle 2004), as was accomplished using randomized point counts
replicated throughout our two critical periods (migration and breeding). The temporal
replication allows for abundance estimates to be bias corrected when detection
probability for a species is less than one.
Bird species abundances within burn units were anticipated to be influenced by
treatment type, or by finer-scale habitat features (canopy cover, basal area, snag basal
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area, herbaceous cover, shrub densities and average shrub heights), and so we compared
models by both singular covariates and by combinations of covariates. We analyzed total
bird abundance and species richness for both the migration and breeding replicates in
order to account for differences in bird assemblages that were expected as migrants move
through the region. Our analyses on focal species and nesting guilds were limited to
breeding season replicates in order to focus on how seasonality influences
breeding/nesting behavior in these groups. Our focal species (Eastern Towhee, Carolina
Wren, Pileated Woodpecker, Hooded Warbler, Scarlet Tanager) were selected based
either on their habitat requirements or their nesting guild, which represented critical
features that were hypothesized to differ between treatment units (Table 2.2). For all Nmixture models, we assumed that abundance at each point count location was random and
independent of abundance at all other point counts, that the population was closed, and
that we did not count the same individuals more than once.
To compare bird species richness among treatments, we conducted a one-way
analysis of variance (ANOVA) on observed species for both migration and breeding
season replicates. Additionally, we ran an ANOVA on each of the survey-specific habitat
characteristics to determine if these factors differed significantly between treatment
types. For all ANOVAs, when significant differences occurred, we performed Tukey’s
Honestly Significant Differences post-hoc test to determine which treatments differed.
2.2.4. MODEL BUILDING, RANKING, AND SELECTION
For each analysis, we first ran survey-specific covariates (wind, noise, sky,
temperature, start time, observer) to determine their influence on detection and account

41

for differences in survey conditions and observer abilities, using the average value of all
three breeding replicates. Using the top-fitting detection probability factor, we then
created candidate model sets of predicted abundance and for total birds and for each focal
species and nesting guild based on a priori hypotheses that describe potential differences
in abundances (Tables 2.2-2.3). Each candidate set included a null model, that abundance
remained constant at each survey location and alternative models that (1) abundance was
influenced by treatment type alone, or that (2) abundance was influenced by site-specific
habitat variables (basal area, snag basal area, canopy openness, shrub density, average
shrub height, or herbaceous cover density). We fit models within and among candidate
sets, creating secondary models and then selecting variables for the final candidate set
based on an AIC threshold of ≤5 ΔAIC to determine support for covariates and estimate
abundance (Morin et. al 2020). Continuous covariates were standardized and screened for
correlation prior to model building and selection in order to ensure independence between
detection probability variables. After model analysis, we performed a Freeman-Tukey
post-hoc test to ensure the validity of the best-fit model.
2.3 RESULTS
2.3.1. HABITAT CHARACTERISTICS
Forest vegetation structure was similar between dormant season treatment plots
and unburned control plots, while growing season plots typically exhibited less dense
midstory vegetation and denser understory vegetation (Table 2.4). Dormant treatment
units exhibited a higher density of high shrubs compared to unburned controls (P=0.04)
and growing season treatment units (P<0.01), but differences in low shrub density across
treatment units were not statistically significant. Average shrub height ranged from 0.5-
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4.5 m in control units, 0.5-4 m in dormant units, and 0.25-3m in growing units and was
significantly higher in control units compared to growing season units (P<0.01), but not
significantly different from dormant season units. Herbaceous cover was similar across
treatment units but was greater in growing season treatments compared to both dormant
units (P=0.02) and unburned controls (P=0.05). Growing season treatment units had the
most open canopy conditions with an average of ~40-60% canopy cover compared to an
average of ~60-80% canopy cover in both dormant and unburned control treatment units.
Total live tree basal area did not significantly differ among treatment units, but snag basal
area was highest in growing units with an average of 13.5 m2/ha snag density. Average
snag basal area was 3.2 m2/ha in dormant treatment units, and 2.9 m2/ha in unburned
controls (Table 2.5).
2.3.2. TOTAL BIRD ABUNDANCE
Across both critical periods (migration and breeding) and all three treatment types
we heard a total of 63 species (Table 2.6), five of which were unique to the growing
season units and six of which occurred only in the two burned treatment units. Most
species detected throughout the project were breeding residents of the Southern
Appalachian region, with the exceptions of one Magnolia Warbler (Setopha magnolia
W.), one Canada Warbler (Wilsonia canadensis L.), and two Veerys (Catharus
fuscescens S.) heard in growing season units during the migration replicates. We recorded
one Ruffed Grouse (Bonasa umbellus L.) by drumming in the AP1 growing unit during
the second migration replicate, and two Wild Turkeys (Melleagris gallopovo L.), one in
the AP1 control unit and one in the AP1 dormant unit, during the first breeding replicate.
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Our most abundant species was the Black-Throated Green Warbler (Setophaga virens
G.), with 259 individuals recorded, followed closely by the Carolina Chickadee (Poecile
carolinensis A.) with 243 individuals recorded. We heard a total of 681 individuals in
control units, 1,267 in dormant units, and 1,333 in growing season units (Figure 2.1)
Growing season treatment total bird abundance was significantly higher than both
dormant treatment units and unburned controls (P<0.01) but total bird counts in dormant
treatment units were not significantly different from unburned controls, based on a oneway analysis of variance.
The total number of birds observed during point counts across all three migration
season replicates ranged from a minimum of two to a maximum of 22, with an average of
about 11 individuals per plot. Breeding bird replicates similarly ranged from a minimum
of one to a maximum of 21, with an average of about 10 individuals per plot. Migratory
bird abundances were not found to be significantly influenced by any site or surveyspecific habitat covariates, but detection probabilities did differ by observer and were
estimated to be 0.417 (95% CI=0.134-0.700) and 0.560 (95% CI=0.410-0.713).
Treatment type was the most supported model of total breeding bird abundance (Table
2.7). Predicted abundance was highest in growing season treatment units with 21.45
(SE=±1.15) predicted individuals compared to 16.65 (SE=±1.01) predicted individuals
and 17.24 (SE=±1.32) individuals in the dormant and unburned control units respectively.
Dormant season treatment units had a lower predicted bird abundance compared to
unburned controls, but differences between these two treatment types was not statistically
significant (Figure 2.2).
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2.3.3. FOCAL SPECIES AND NESTING GUILD ABUNDANCE
Eastern Towhees were detected at 51% of plots, and we recorded a total of 99
individuals throughout all breeding replicates and across all treatment units. Of these, 64
were recorded in growing treatment units, 32 were recorded in dormant treatment units,
and three were recorded in the unburned control units. The number of Eastern Towhees
observed ranged from a minimum of zero to a maximum of three individuals per point
count. Treatment type was the most supported model of Eastern Towhee abundance
(Table 2.7), and detection probabilities did not vary by any survey specific variables.
Both dormant and growing season treatment units exhibited a higher overall predicted
bird abundance compared to unburned controls (Figure 2.3). Predicted Eastern Towhee
abundance was highest in growing season units with 2.28 individuals (SE=±0.43)
(SE=±0.43), followed by dormant season units with 1.02 individuals (SE=±0.29), and
unburned controls with 0.20 individuals (SE=±0.14). Carolina Wrens were detected at
93% of plots, and a total of 129 individuals were recorded throughout all breeding
replicates and across all treatment units. Twenty-one of these were found in control units,
45 in dormant units, and 63 in growing units. The number of wrens observed at point
count locations ranged from a minimum of zero to a maximum of three individuals per
point count. Treatment type was the best-supported model for Carolina Wren abundance
(Table 2.7), and detection did not vary by survey-specific variables. Carolina Wren
abundance was lowest in control units and was predicted to be 1.54 individuals
(SE=±0.47), compared to 1.86 individuals (SE=±0.42) in dormant units and 2.90
individuals (SE=±0.56) in growing season treatment units (Figure 2.3). Pileated
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Woodpeckers were detected at 73% of plots, and a total of 66 individuals were recorded
throughout all breeding replicates and across all treatment units. Twenty-four of these
were detected in growing units, 26 were detected in dormant units, and 16 were detected
in controls. The number of Pileated Woodpeckers observed at point count locations
ranged from a minimum of zero to a maximum of two individuals per point count.
Pileated Woodpecker abundance was not determined to be significantly influenced by
any site-specific habitat covariates, including treatment type and snag density.
Hooded Warblers were detected at 85% of plots, and a total of 134 individuals
were recorded throughout all breeding replicates and across all treatment units. Of these,
46 were recorded in control units, 54 were recorded in dormant units, and 34 were
recorded in growing units. The number of Hooded Warblers observed per point count
throughout the study ranged from a minimum of zero to a maximum of three individuals.
Hooded Warbler abundance was not determined to be significantly influenced by
treatment type, but the best fit model indicated an influence of average shrub height, with
predicted abundance increasing with shrub height. We heard a total of 68 Scarlet
Tanagers throughout all breeding replicates and across all treatment units and detected
tanagers at 71% of plots. Of these, 24 were detected in control units, 23 in dormant units,
and 21 in growing units. The number of tanagers observed per point count throughout the
study ranged from a minimum of zero to a maximum of two individuals. The best fit
model indicated a significant effect of treatment type on Scarlet Tanager abundance
(Table 2.7), with dormant season treatment units having significantly lower predicted
abundance compared to unburned controls. Predicted abundance of tanagers was highest
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in unburned control units with 5.33 predicted individuals (SE=±1.43) compared to 2.82
individuals (SE=±1.03) in dormant treatment units and 3.41 (SE=±1.23) in growing
season treatment units (Figure 2.3). Differences between abundances in early growing
season treatment units and unburned controls or dormant season treatments was not
statistically significant.
We heard a total of 277 ground nesting birds, 237 shrub nesting birds, 772 tree
nesting birds, and 567 cavity nesting birds across all three breeding replicates and all
treatment types. Our best fit models for ground, tree, and cavity nesting species indicated
a significant effect of treatment type on abundance of these groups (Table 2.7). Predicted
abundance of ground nesting birds was highest in growing season treatment units with
7.78 predicted individuals (SE=±2.28) compared to 4.92 individuals (SE=±1.40) in
dormant season treatment units and 4.72 (SE=±1.46) in unburned controls (Figure 2.4).
Predicted abundance of tree nesting species was highest in unburned control units with
15.53 predicted individuals (SE=±2.76) compared to 15.01 individuals (SE=±2.61) in
dormant season treatment units and 11.57 individuals (SE=±2.08) in growing season
treatment units. Predicted abundance of cavity nesting species was highest in growing
season treatment units with 18.20 predicted individuals (SE=±1.58) compared to 11.01
(SE=±1.27) in dormant season treatment units and 10.97 (SE=±1.50) in unburned
controls. Our best fit models for shrub nesting species indicated no significant effect of
treatment type but did indicate a significant effect of shrub density (Table 2.7). Predicted
abundances ranged from 8.10 individuals where high shrub density was less than 20%, to
13.59 individuals where high shrub density was 80-100% (Figure 2.5).
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2.3.4. SPECIES RICHNESS
Throughout the migration season, we heard a total of 41 species in control units,
44 in dormant units, and 50 in growing units. Across all three migration replicates and
throughout all three treatment units, the number of species per point count ranged from a
minimum of two to a maximum of 17 with an average of about 9. Species richness during
migration was not determined to be significantly influenced by treatment type (Figure
2.6). During the breeding season, we heard a total of 39 species in control units, 51 in
dormant units, and 52 in growing units. Across all three breeding replicates and
throughout all three treatment units, the number of species per point count ranged from a
minimum of one to a maximum of 17. We heard an average of 8.0 species per point count
in control units, 7.7 species per point count in dormant units, and 10.6 species per point
count in growing units. Species richness during the breeding season was significantly
influenced by treatment type (Table 2.8), with the average number of species per point
count being significantly higher in growing season burn treatments compared to both
dormant season burn treatments and unburned controls (Figure 2.6).
2.4. DISCUSSION
Our results indicate that prescribed fire seasonality is an important factor to
consider in forest management and fire planning for birds in the Southern Appalachian
region of the Southeastern United States. When compared to unburned controls, our
burned treatment units typically had a reduced canopy and midstory and an increased
herbaceous understory layer. When compared directly, growing season burns seemed to
be more effective than dormant season burns in further enhancing forest heterogeneity,
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with growing season burn units having significantly less canopy cover, decreased high
shrub density, smaller average shrub height, and denser herbaceous understories.
Increased forest structural diversity, in turn, appeared to positively influence bird
populations resulting in significantly higher predicted total bird abundance and species
richness in growing season burns compared to both unburned controls and dormant
season burns.
The vegetation differences we observed among treatment types may be a result of
the improved ability of growing season burns to create the open canopy conditions
required for understory development and regeneration (Barrioz et. al 2018). While some
studies have indicated that there is relatively little difference between burn seasonality in
altering forest structure after a single fire (Cronan et. al 2015) and others have disputed
whether dormant season or growing season burns are more effective (Sparks et. al 2002,
Waldrop 1987), our results show that there may be some improvements to forest
heterogeneity in growing season burns that are not matched in dormant season burns.
This could be because our growing season burns occurred during the early growing
season before complete canopy closure, when more open conditions and drier soils can
lead to higher severity and intensity fires compared to later summer when canopies are
closed, and soil conditions are wetter (Knapp et. al 2009). A study conducted by Vaughn
et. al (2021) in these same treatment units also found fire behavior to be more variable in
growing season treatment units, which could have contributed to increased heterogeneity
in these units.
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Our observations on differences in bird abundances correspond with previous
studies that proposed increased heterogeneity contributes to the diversity of birds in forest
ecosystems (Schulte and Niemi 1998, Greenberg et. al 2013) and indicate that growing
season burns may be more effective than dormant season burns in restoring the structural
and functional heterogeneity of Southern Appalachian forests that benefits overall bird
abundance and diversity in this region. Our results appear to be limited to the breeding
season, however, where our results were significant. We found no statistical significance
to support our hypothesis that burn treatment influences bird populations during the
migratory season, which could be attributed to the differing habitat needs of birds during
this time. Primary focus during migration is on survival, foraging, and meeting energetic
requirements for long distance flights, rather than breeding, nest-building, and fledging of
young birds (Alerstam et. al 2003). More specialized habitat niche requirements in
breeding birds, along with reduced movement of migratory birds through the region
during the later summer when most birds are established on breeding grounds, could have
attributed to significant differences between treatment type in the breeding season
replicates. Additionally, it should be noted that supplemental growing season burns in
two of our growing treatment units during April 2021 could have contributed to increased
forest structure differences that positively influenced bird populations during our
breeding replicates. Several studies have reported that single growing season burns may
not be effective in midstory suppression, reduction of canopy cover, or improving
breeding bird abundance or diversity (Aquilani et. al 2000, Greenberg et. al 2007, Klaus
et. al 2010). Recent studies have also indicated that repeated, low-intensity dormant
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season burns may increase forest heterogeneity and therefore eventually positively
influence bird populations in this region (Waldrop et. al 2016, Greenberg et. al 2018). It
is possible that additional burns in dormant treatments would lead to similar habitat
heterogeneity to what we observed in growing season treatments along with the
concomitant increases in bird abundance and diversity. Nevertheless, our results suggest
bird abundance and diversity are increased with less management intervention when fire
is applied in the growing season.
Results of our focal species analyses showed mixed effects of season of burn.
Four of our five focal species indicated a significant effect of burn treatment or of a sitespecific habitat variable that was predicted to differ between burn treatments.
Significance of burn treatment for Eastern Towhees and Carolina Wrens, which both had
higher predicted abundance in growing season treatment units, could be the result of their
habitat preferences. Results of a study by Roach et. al (2019) indicated that species
requiring frequent disturbance and early successional habitat were most likely to benefit
from prescribed fires, and that Eastern Towhees specifically were positively affected by
prescribed fire. Where our growing season treatments were more effective at creating
early successional habitat and restoring the dominant herbaceous understory that would
benefit breeding and nesting for both species, higher predicted densities of these species
should therefore be expected in growing season burns compared to dormant season burns
and unburned controls.
Significance in abundance of Hooded Warblers with increasing shrub height and
cover likely coincides with their preferred habitat of mature deciduous forests, and the
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fact that they are shrub nesters. A previous study found Hooded Warblers to be more
abundant in control units compared to units that had burn or mechanical thinning
treatments (Iglay et. al 2018), which are often used to mimic the effects of historical fire.
While we found no effect of treatment on predicted abundance, our dormant season
treatments had higher shrub densities, particularly high shrubs that would be important
for nesting, and so it is possible that dormant season burns are important for this species.
A study conducted by Greenberg et. al (2018) also found that shrub-nester density
increased within 3-years post-treatment even in units with both mechanical and burn
treatments where shrub density was reduced over time, and so it is possible that growing
season burns may benefit Hooded Warblers and other shrub nesting species with more
time post-fire. Further studies with more treatment units and/or point counts, especially
ones that include time since burn, could aid in better understanding how burn seasonality
influences this species and others with similar habitat requirements.
Previous research has indicated little to no effect of canopy cover reduction
through mechanical and burn treatments on species preferring mature forests and dense
canopy cover (Thompson et. al 1992, Greenberg et. al 2018), but our results indicated a
decrease in Scarlet Tanager abundance following dormant season burns. This could be
because mature forest obligates as a group are not as sensitive to treatment and can be
retained in intense burn treatment units, but at the species and individual levels they may
be more preferential. Scarlet Tanager abundance was lowest in dormant season burns,
which may in part be due to a preference for less dense mid-story vegetation cover that
has been documented in other studies (Crawford et. al 1989). It is notable that Scarlet
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Tanager abundance in early growing season burns did not significantly differ from
unburned controls, highlighting the effectiveness of this treatment type in creating habitat
heterogeneity that promotes a variety of habitat niches. Similar to our results, Morin et. al
(2021) found no effect of burn treatment on Pileated Woodpeckers, which could mean
this species is not as selective as other species, or perhaps burns did not create enough
differences in habitat to influence their relative abundances.
There is some concern that growing season burns may negatively affect breeding
birds, with ground nesting species being particularly vulnerable to fires during this time
that may destroy nests and/or nesting habitat and force birds out of the burned area, but
our results point to resilience of birds early growing season burns. Previous studies have
shown mixed effects of burns on ground nesting species, including both negative and
neutral effects (Greenberg et. al 2018, Morin et. al 2021), but our results indicate that this
group positively responds to early growing season burns. Increased herbaceous density in
growing treatment units could have provided adequate cover needed for successful nests
and more abundant food sources and therefore lead to greater abundances. Higher
predicted abundances in early growing season burns for ground nesting species is also
notable when taking into consideration that two of our growing season units were burned
again prior to the breeding season replicates in 2021, indicating that these species may be
less sensitive to fire during the breeding season than previously thought.
Our results indicated an effect of burn treatment on cavity nesting species but no
effect of snag abundance, which is similar to previous studies that found snag density to
be a poor indicator of abundance in this nesting guild (Vander Yacht et. al 2016, Rush et.
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al 2012). It is possible that cavity nesting species respond positively to the more open and
heterogenous conditions created by early growing season burns, rather than simply the
ability of that fire to create dead tree snags. Our results on tree nesting birds showed
lower predicted abundance in growing season burn treatments compared to both dormant
and unburned controls, but predicted abundance was not significantly different between
dormant and unburned control treatments. These results differ from previous studies that
found tree nesting species to increase following burns (Artman et. al 2001, Greenberg et.
al 2007, Klaus et. al 2010) but could point to the importance of dormant season burns in
improving forest heterogeneity while still retaining high densities of interior forest
obligates.
We found no significant effect of treatment on shrub nesting species but did find a
significant effect of high shrub density, with predicted abundances increasing with shrub
cover. Some studies have reported lower densities of shrub nesting birds following burn
and mechanical shrub removal treatments (Rodewald and Smith 1998), and others have
reported neutral or positive changes in shrub nesting density after burn treatments
(Greenberg et. al 2018, Morin et. al 2021). Our results, however, indicate that abundance
of shrub cover may be a more important factor than burn treatment alone in promoting
shrub nesting species. Early growing season burns did not significantly reduce the
abundance of shrub nesting species, indicating their effectiveness in promoting habitat
heterogeneity and retaining some habitat necessary for mid-successional and mature
forest species.
2.4.1. Conclusions
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Overall, our results show that breeding birds respond positively to fire and, in
particular, respond to habitat differences between dormant and growing season burns.
While dormant season burns had some effects on birds and their habitat, growing season
burns may be more effective in enhancing the structural and functional heterogeneity to
the benefit of bird populations in the Southern Appalachians. Where improvements to
bird total abundance and species richness are the goal, forest managers should look to
expand fire implementation to the early growing season when burns may be most
effective in reducing canopy and midstory cover and recovering dense herbaceous
understory layers. While growing season burns may negatively affect ground nesting
species, if they occur early enough in the season to allow birds to re-colonize burned
areas and build additional nests, the costs of immediate exclusion of these species may be
outweighed by the positive response of birds to improved heterogeneity in growing
season burns. In places where ground nesting species are a special concern, repeated
dormant season burns may eventually achieve the goal of enhanced forest structure, but
single dormant season burns do not appear to be effective in promoting forest
heterogeneity, bird abundance, or diversity. Additional research on specific species
relevant to managers could provide more insight into how seasonality affects birds in the
Southern Appalachians at a smaller scale.
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TABLES AND FIGURES
Table 2.1. List of focal species used in this study, showing preferred habitat conditions
including canopy cover, habitat type, and nesting guild. Based on descriptions in Birder’s
Handbook: A Field Guide to the Natural History of North American Birds (Ehrlich et. al
1988).
Species
Canopy
Habitat Type
Nest Type
Early (<30%
Forest edges, overgrown
Ground
Eastern Towhee
Canopy Cover)
fields/woodlands, shrub/scrub
(EATO)
habitat
Carolina Wren
(CARW)
Pileated
Woodpecker
(PIWO)
Hooded Warbler
(HOWA)
Scarlet Tanager
(SCTA)

Open (30-60%
Canopy Cover)

Open deciduous woodlands,
especially with good cover

Cavity

Open (30-60%
Canopy Cover)

Decid-conifer forests, open
woodlands, abundances of snags

Cavity

Closed (>60%
Canopy Cover)

Mature deciduous forest

Shrub

Closed (>60%
Canopy Cover)

Deciduous forests and woodlands,
mixed decid/conifer forests

Tree
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Table 2.2. Candidate model sets for predicted total abundance of birds with a priori
model hypotheses based on site and survey specific covariates
Hypothesis
Model Structure
Predictions
Abundance is constant (null model)

Abundance is influenced by
treatment type

Abundance is influenced by live
tree basal area

λ (.)

Covariates have no effect on
abundance, richness, or detection

λ = β(treatment)

Growing season units will have a
higher predicted abundance

λ = β(BA)

Predicted abundance and richness
will decrease with increased basal
area

Abundance is influenced by snag
basal area

λ = β(Snag BA)

Predicted abundance and richness
will increase with increased snag
density

Abundance is influenced by
herbaceous cover density, shrub
density, average shrub height

λ = β(Herbaceous)
λ = β(Shrub Density
(low shrub or high
shrub))
λ = β(Avg. Shrub
Height)

Abundance will increase with
increased herbaceous cover, and
decrease with increased shrub
density and avg. shrub height

λ = β(Open)

Abundance will increase with
increased canopy openness

Abundance is influenced by canopy
openness
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Table 2.3. Candidate model sets for predicted focal species and nesting guild abundance
with a priori model hypotheses based on site and survey specific covariates
Hypothesis
Model Structure
Predictions
Abundance is constant (null model)

Abundance is influenced by
treatment type

Abundance is influenced by live
tree basal area

λ (.)

λ = β(treatment)

λ = β(BA)

Covariates have no effect on
abundance, richness, or detection
Abundance of Eastern Towhee,
Carolina Wren, Pileated woodpecker
will be highest in growing season
treatments. Hooded Warbler and
Scarlet Tanager will be highest in
dormant season treatments
Predicted abundance of Scarlet
Tanager and Hooded Warbler will
increase with live basal area, and
Eastern Towhee, Scarlet Tanager,
and Pileated Woodpecker will
decrease

Abundance is influenced by snag
basal area

λ = β(Snag BA)

Predicted abundance of Carolina
Wren and Pileated Woodpecker will
increase with increased snag basal
area, and decrease for Scarlet
Tanager, Hooded Warbler, Eastern
Towhee

Abundance is influenced by
herbaceous cover density, shrub
density, average shrub height

λ = β(Herbaceous)
λ = β(Shrub Density
(low shrub or high
shrub))
λ = β(Avg. Shrub
Height)

Predicted abundance of Eastern
Towhee and Carolina Wren will
increase with herbaceous cover.
Predicted abundance of Hooded
Warblers will increase with shrub
density.

λ = β(Open)

Predicted abundance of Eastern
Towhee, Carolina Wren, and
Pileated Woodpecker will increase
with openness, and decrease for
Scarlet Tanager and Hooded
Warbler

Abundance is influenced by canopy
openness
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Table 2.4. Average habitat conditions of all plots within control, dormant, and treatment
units across all three breeding replicates. Canopy reported on a 0-5 scale, 0 being
completely closed canopy and 5 being completely open. Understory, high shrub, and low
shrub reported on a 1-5 scale, 1 being 0-25% coverage and 5 being 76-100% coverage.
Canopy Understory High Shrub Low Shrub
Average
Total Basal
Density
Density
Density
Shrub
Area
Height (m)
(m2/ha)

Snag
Basal
Area
(m2/ha)

Control

2.1A

1.8A

2.9A

1.8

2.76A

19.1

0.7A

Dormant

2.1A

1.8A

2.2A

2.2

2.02A

18.6

0.7A

Growing

3.1B

2.6B

1.4B

2.0

1.24B

19.1

3.1B
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Table 2.5. Summary of statistics from one-way analyses of variance on canopy cover
changes by treatment type unburned control, dormant season burn, or early growing
season burn). Based on leaf-on imagery from the Chattooga River and Andrew Pickens
Ranger Districts analyzed on ArcGIS Pro
Analysis

DF

Sum sq.

Mean sq.

F Value

P(>F)

Canopy

2

12.11

6.053

8.614

0.000547

Understory Density

2

8.93

4.467

4.467

0.0188

Low Shrub Density

2

1.31

0.6556

0.861

0.428

High Shrub Density

2

18.39

9.193

11.86

5.07e-05

Average Shrub Height

2

19.37

9.684

6.6

0.00267

Live Tree Basal Area

2

72

36

0.031

0.969

Snag Basal Area

2

1437

718.7

5.803

0.00512
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Table 2.6. Total number of birds of each species recorded throughout all migration and
breeding replicates in each treatment unit, based on point counts collected in the
Chattahoochee and Sumter National Forests.
Species
Growing Dormant Control
Acadian Flycatcher (Empidonax virescens)
American Crow (Corvus brachyrhynchos)
American Goldfinch (Spinus tristis)
American Redstart (Setophaga ruticilla)
Barred Owl (Strix varia)
Barn Swallow (Hirundo rustica)
Black and White Warbler (Mniotilta varia)
Blue-Gray Gnatcatcher (Polioptila caerulea)
Blue-headed Vireo (Vireo solitarius)
Blue Jay (Cyanocitta cristata)
Black-throated Blue Warbler (Setophaga
caerulescens)
Black-throated Green Warbler (Setophaga virens)
Brown-headed Cowbird (Molothorus ater)
Brown-headed Nuthatch (Sitta pusilla)
Carolina Chickadee (Poecile carolinensis)
Carolina Wren (Thryothorus ludovicianus)
Canada Warbler (Cardellina canadensis)
Cedar Waxwing (Bombycilla cedrorum)
Chipping Sparrow (Spizella passerine)
Common Yellowthroat (Geothlypis trichas)
Common Raven (Corvus corax)
Chestnut-sided Warbler (Setophaga pensylvanica)
Dark-eyed Junco (Junco hyemalis)
Downy Woodpecker (Picoides pubescens)
Eastern Phoebe (Sayornis phoebe)
Eastern Towhee (Pipilo erythrophthalmus)
Eastern Wood-pewee (Contopus virens)
Great-crested Flycatcher (Myiarchus crinitus)
Hairy Woodpecker (Leuconotopicus villosus)
Hooded Warbler (Setophaga citrina)
House Wren (Troglodytes aedon)
Indigo Bunting (Passerina cyanea)
Kentucky Warbler (Geothlypis formosa)
Louisiana Waterthrush (Parkesia motacilla)
Magnolia Warbler (Setophaga magnolia)
Mourning Dove (Zenaida macroura)
Northern Cardinal (Cardinalis cardinalis)

61

23
7
6
12
0
1
50
10
62
14
8

9
11
23
6
1
0
46
6
89
15
1

10
3
5
3
3
0
36
3
41
10
1

87
11
6
129
118
1
1
3
1
0
2
1
26
12
90
30
3
2
50
1
13
1
17
1
16
22

107
0
0
67
93
0
0
2
0
0
2
2
24
14
66
27
5
2
83
0
6
1
6
0
15
23

63
0
1
47
40
0
0
0
0
1
2
0
15
3
6
3
1
3
59
2
0
0
7
0
10
24

Northern Flicker (Colaptes auratus)
Northern Parula (Setophaga americana)
Ovenbird (Seiurus aurocapilla)
Pine Warbler (Setophaga pinus)
Pileated Woodpecker (Dryocopus pileatus)
Prairie Warbler (Setophaga discolor)
Red-breasted Nuthatch (Sitta canadensis)
Red-bellied Woodpecker (Melanerpes carolinus)
Red-eyed Vireo (Vireo olivaceus)
Red-headed Woodpecker (Melanerpes
erythrocephalus)
Red-Shouldered Hawk (Buteo lineatus)
Ruby-throated Hummingbird (Archilochus colubris)
Ruffed Grouse (Bonasa umbellus)
Scarlet Tanager (Piranga olivacea)
Summer Tanager (Pirangra rubra)
Swainson's Thrush (Catharus ustulatus)
Swainson’s Warbler (Limnothlypis swainsonii)
Tufted Titmouse (Baelophus bicolor)
Unknown Woodpecker
Veery (Catharus fuscescens)
White-breasted Nuthatch (Sitta carolinensis)
White-eyed Vireo (Vireo griseus)
Wild Turkey (Meleagris gallopavo)
Worm-eating Warbler (Helmitheros vermivorum)
Wood Thrush (Hylocichla mustelina)
Yellow-billed Cuckoo (Coccyzus americanus)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Yellow Warbler (Setophaga petechia)

62

7
29
30
53
48
8
4
33
61
5

11
5
56
61
49
0
0
26
55
1

7
14
25
26
21
1
4
9
40
0

3
2
1
31
5
5
0
70
4
0
49
2
0
28
7
6
3
3

2
2
0
32
3
5
2
68
4
1
49
3
1
44
12
4
3
1

1
0
0
27
0
2
0
32
0
1
22
0
1
23
14
1
4
0

Table 2.7. AIC table showing N-mixture model results of birds surveyed across three fire
treatments, where treatment type was the top-fitting model using “Control” as the
reference. Associated model weight represented for each analysis, and β-estimate and
associated standard error (SE) are listed for the abundance portion of the model.
Analysis
Model
Treatment
P(>|z|)
Weight
β-Estimate SE
Control
2.85
0.08
1.63E302
Breeding
p(Observer)
Dormant
-0.03
0.09 7.03E-01
0.90
Abundance
λ(Treatment)
Growing
0.219
0.09 1.36E-02
Control
-1.75
0.71
0.01399
Eastern
Towhee

Carolina Wren

Scarlet
Tanager

Ground
Nesting

Tree Nesting

Cavity
Nesting

p(.)
λ(Treatment)

p(.)
λ(Treatment)

p(Observer)
λ(Treatment)

p(.)
λ(Treatment)

p(temp+sky+wind)
λ(Treatment)

p(Observer)
λ(Treatment)

Dormant

1.64

0.75

0.02863

Growing

2.66

0.72

0.00026

Control

0.433

0.3

0.1477

Dormant

0.19

0.33

0.5589

Growing

0.63

0.31

0.0436

Control

1.67

0.27

4.91E-10

Dormant

-0.64

0.31

4.19E-02

Growing

-0.45

0.31

1.54E-01

Control

1.55

0.31

5.68E-07

Dormant

0.04

0.21

8.43E-01

Growing
Control

0.50
2.74

0.20
0.18

1.30E-02
9.15E-54

Dormant

-0.03

0.11

7.62E-01

Growing

-0.29

0.13

1.96E-02

Control

2.4

0.14

2.12E-68

Dormant

0.004

0.14

9.78E-01

Growing

0.51

0.13

1.60E-04

63

1.00

0.29

0.22

0.36

0.49

0.99

Table 2.8. Results of one-way ANOVA on bird species richness during migration and
breeding replicates by treatment type in unburned control, dormant season treatment, and
early growing season treatment units. Based on point counts collected from sites in the
Chattooga River Ranger District and the Andrew Pickens Ranger District.
Analysis

DF

Sum sq.

Mean sq.

F Value

P(>F)

Species Richness
(Migration)

2

163.9

81.96

2.34

0.113

Species Richness
(Breeding)

2

936.4

468.2

18.3

7.66E-07
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Figure 2.1. The total number of birds observed in each treatment unit across all migration
and breeding replicates during point counts collected at sites in the Chattahoochee and
Sumter National Forests. Error bars representing the standard error of the mean.
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Figure 2.2. Results of N-Mixture modeling showing predicted total abundance of birds by
treatment type in the migration and breeding seasons respectively. Predicted abundances
based on point counts collected at sites in the Chattahoochee and Sumter National
Forests. Data collected one or two years post-burn in burned treatment units. Error bars
representing the standard error of the mean. Letters represent statistical significance
based on if the 95% confidence interval overlapped with 0.

66

8

Control
Dormant

7

Growing

Predicted Abundance
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5
4
3
2
1
0
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PIWO

HOWA

SCTA

Species

Figure 2.3. Results of N-mixture modeling showing predicted abundance of focal species
by treatment type based on point counts collected during the breeding season at sites in
the Chattahoochee and Sumter National Forests. Error bars representing the standard
error of the mean. Letters represent statistical significance based on if the 95%
confidence intervals overlapped with 0. Species code: EATO = Eastern Towhee, CARW
= Carolina Wren, PIWO = Pileated Woodpecker, HOWA = Hooded Warbler, SCTA =
Scarlet Tanager.
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Figure 2.4. Results of N-mixture modeling showing predicted abundance of nesting
guilds by treatment type based on point counts collected during the breeding season at
sites in the Chattahoochee and Sumter National Forests. Error bars representing the
standard error of the mean predicted abundance. Letters represent statistical significance
based on if the 95% confidence interval overlapped with 0.
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Figure 2.5. Results of n-mixture modeling showing predicted abundance of shrub nesting
species by high shrub density. Error bars representing the standard error of the mean
predicted abundance. Predicted abundances based on point counts collected at sites in the
Chattahoochee National Forest and Sumter National Forest. Data in burn treatment units
collected one or two years post-burn. Shrub density represented on a scale of 1-5 (1=020% cover, 2=21-40% cover, 3=41-60% cover, 4=61-80% cover, 5=81-100% cover).
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Figure 2.6. Mean species richness in unburned control, dormant season burn treatments,
and growing season burn treatments from point count data collected at the Chattahoochee
National Forest and Sumter National Forests. Data in burn treatment units collected one
or two years post-burn. Error bars represent standard error of the mean, and letters
represent significant (<0.05) differences.
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